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AERODYNAMIC CHARACTERISTICS OF TWO ALL-MOVABLE WINGS TESTED 

IN THE PRESENCE OF A FUSELAGE Kr A MACH NUMBER OF 1.9 

By D. William Conner 

SUMMARY 

Half~pan models of two wings of different plan form were tested 
both as all-movable surfaces and as fixed surfaces i n the presence of 
a half fuselage in the Langley 9- by 12-inch supersonic blow-down tunnel 
at a Mach number of 1. 9 . One wing had a hal f-de l t a plan form with 600 

leading-edge sweep and was tested at a Reynolds number of 1.9 X 106 • 
The other wing had a rectangular plan f orm modified by an Ackeret type 

tip and was t est ed at a ReynOlds number of 1.4 X 106• Both surfaces 
operated well within the Mach cone originat ing at the fuselage nose. 
The circular cros s sections of the fuselage were modified to provide a 
flat area in the r egion of the wing root. 

A comparison of the data indicated that e it~er wing acting as an 
all-movable surface would have about the same spanwise and chordwise 
location of the center of pressure as the s ame wing acting as a fixed 
surface, but the f ixed~urface arrangement would have a lift-curve slope 
about 30 percent greater than the wing-free (all-movable) arrangement . 
The change i n upwash represented by this increase in lift-curve slope 
is in good agreement with calculations based on a method recommended 
by L. Beskin. 

INTRODUCTION 

All-movable aero~ic surf aces are being considered in super s onic 
aircraft des i gn f or pos s ible applications as angle-of -attack i ndicator s, 
control surfaces, and all-movable wings . Present methods" used in 
calculat i ng the super sonic charact erist i cs of s uch surfaces operating in 
the presence of a fuselage must r esort to several simplifying assumptions, 
especially if the f uselage contour is modified to minimi ze the junction 
gaps caused by surface rotation. In order to obtain experimental data 
for all-movable surf ace arrangements, half~pan models of t wo wings of 
different plan form were tested both as all-movable surfaces and as 
conventional fixed surfaces i n the presence of a half fuse lage i n the 
Langley 9- by 12- i nch supersonic blow-down tunnel. 

CONFIDENTIAL 
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One wing had a 6IJo sweptback ha.l:f-delta plan form and 9-percent
thick circula.r-e.rc sections. The other wing had a trapezoidal plan form .. 
formed by a rectangular wing modified by an Ackeret type wing tip and 
had lO-percent-thick doubl~edge . sections. A small area on the fuselage , 
at the wing-fuselage juncture was flat and parallel with the air stream. 
to prevent a change in the end gap when the wing rotated on the fuselage. 
Lift, drag, pitching moment, and rolling moment were obtained at a 

Mach number of l.9 and a Reynolds number of about l.9 X l06 for the delta 

wing and l.4 X l06 for the trapezoidal wing. 

SYMBOLS 

CL lift coefficient based on area of exposed surface 

CD drag coefficient based on area of exposed surface 

Cm pitching-moment coefficient based upon the mean aero~c 
chord of exposed model surface and computed about the 
5Q-percent-chord point of the mean aero~ic chord 
(center of area) 

Cl rolling-mo:rnent coefficient based on twice the area of the 
exposed aero~c surface and on a span b 

a. wing angle of attack, measured with respect to the free-
stream. direction 

M free-etream. Mach number 

R ReynoldB number based on the mean aerodynamic chord of the 
exposed aero~c surface 

b twice the distance from the fuselage axis to the wing tip 

c mean aerodynamic chord of the exposed model surface 

l:::.p increment in pressure 

q free-stream dynamic pressure 

MODEIS 

Photographs of the two semispan models are shown in figure l. The 
principal dimensions of the two aerodynamic surfaces, hereafter called 
wing panels , and the fuselage are shown in figure 2. Both wing panels 
and the fuselage are fabricated from aluminum and have a polished finish. 

CONFIDENTIAL 
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As shown in figure 2(a), the first wi ng panel has a half-delta 
plan form with 600 sweepback of the wing leading edge. The airfoil 
sections t aken parallel to the air stream are symmetrical circular-arc 
profiles 9 percent thick. The aspect ratio of this plan-form delta 
wing is 2 . 3l. The wing panel is rotated about the 6~percent point 
of the wing r oot chord which is slightly ahead of t he center of area . 

3 

The second wing panel, for which details are shown in figure 2(b), 
has an UDBwept trapezoidal plan form f ormed by a r ectangular wing modified 
by an Ackeret type wing tip to relieve the wing area of tip Mach cone 
effects. The airfoil sections taken parallel to t he air stream are 
symmetrical double-wedge profiles 10 percent thick. The aspect ratio of 
this wing, i ncluding the enens ion through the fuselage, is 4 . 12. The 
wing panel i s rotated about the midchord point of t he wing root chord 
which is slightly behind the center of area. 

The fuselage used in these tests is a half body of revolution 
(having a parabolic profile) split lengthwise along the axis as shown 
in figure l. In the region of maximum. thickness where the wing panels 
are located, t he fuselage contour has been modifi ed by a flat area 
formed by cutting t he fuselage body of revolution with a plane parallel 
to the body axis and perpendicular to the wing axis of rotation. This 
flat has a maximum width of 0.80 inch, which permits the wing to be 
rotated through a small angle range without the appearance of an 
appreciable gap between t he wing and fuselage . The wing root is mounted 
on the balance through a disk 0.80 inch in diameter set flush with the 
fuselage flat but not touching t he f~elage. Under no load a radial 
gap of 0.010 i nch is maintained all around the disk and a gap of 0.005 inch 
is maintained between the overhanging portion of the wing and the fuselage 
flat. The 0.005 gap is not sealed f or any of the tests. The deflections 
caused by the aerodynamic loads on t he model are the limiting factor of 
the angle-of-attack range . 

TUNNEL AND TE3T TECHNIQUE 

The Langley 9- by 12-inch supersonic blow-down tunnel in which the 
present tests were made i s a nonret urn-type tunnel, utilizing the exhaust 
air of the Langl ey 19-foot pressure tunnel. Free-etream Mach number 

is l.90. The air ent ers at an absol ute pressure of about 2! atmospheres 
3 

and contains about 0.003 pound of water per pound of air. 

The semdspan models used i n t hese t es ts are cantilevered from the 
tunnel wall. This arrangement provides a simpl e, rigid means for 
mounting the models and permits t he s cale of the models to be large 
in relation to t he s i ze of t he tes t section. 

CONFIDENl'IAL 
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Preliminary tests indicated that wings cantilevered directly from 
the tunnel floor would be operating in a boundary layer about 0 . 4 inch 
thick. The possibility of testing half-span wings in the presence of a 
fuselage was next explored since any practical super·sonic configuration 
would include a fuselage. In the ideal arrangement , the flow field over 
the fuselage mounted on the tunnel wall would duplicate the flow field 
over a fuselage located in the center of the jet . A complete fuselage 
was mounted parallel with the wind stream in the center of the tunnel 
and surveys were made of the surface pressures and of the boundary-
layer profile in the region where the wing would be located . The fuselage 
was then split lengthwise and the half fuselage was mounted on the tunnel 
wall where similar measurements were made . The results shown in figure 3 
indicated that the fuselage boundary layer was thicker when the fuselage 
was on the wall . Various thickness shims were tried as a fairing between 
the half fuselage and the wall in order to move the fuselage out of the 
wall boundary layer. As the fuselage was moved out from the wall, the 
fuselage boundary-layer thickness decreased and, with a 0 . 25-inch shim, 
very closely approached that measured on the complete fuselage in the 
center of the jet . Shimming the fuselage away from the wall also brought 
the pressure distribution along the fuselage in better agreement with 
that measured in the center of the tunnel . The surveys were made only 
veith the fuselage alined with the wind stream, and the comparison might 
be somewhat different for other fuselage attitudes. From these results , 
it appeared satisfactory to test wings in the presence of this · half 
fuselage shimmed out 0 .25 inch from the tunnel wall, and such a techni~ue 
was used in these wing tests . (In examining the survey results shown 
in figure 3 only ~ualitative comparisons should be made since ~uantitative 
errors might exist. This is true of the pressue distribution because of 
the limited range of surveyed static pressures along the tunnel. Such 
errors might exist in the shape of the boundary- layer profile because 
the 0. 030-inch-outside-diameter total- pressure tube was relatively large 
when compared with the boundary- layer thickness. ) 

The semispan model cantilevered from the tunnel wall is attached 
to a four-component electric-strain-gage balance . The balance rotates 
with the model and measures pitching moment , chord for ce, normal force , 
and rolling moment due to normal force . The rolling-moment coefficient 
is therefore measured about an axis lying in the wing-chord plane, but for 
small angles of attack, it closely approximates the rolling-moment coeffi
cient about the wind axis. Forces on the body were not measured in any 
of the tests. 

It should be pointed. out that several factors, not as yet fully 
investigated, might influence the test results obtained in this tunnel . 
Several of these factors are: 

(1) Air loading might be carried over that part of the model located 
inside the fuselage . A few pressure measurements obtained on a different 
wing from those used in these tests indicated this loading to be ~uite 
small but still measurable. 

C ONF IJ)ENT IAL 
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(2) Stray shock waves of marked intensity might be present in the 
test-section region. Such waves might well have been :nP.ssed during the 
tunnel calibration in which a pattern of readings was obtained from 
pressures on several cones, a wedge and behind the normal shock of a 
total~presaure tube. No schlieren e~uipment has been provided for 
visual observations. 

5 

(3) Condensation, resulting from the high moisture content of the 
inlet air, has been considered as having possible effects on aerodynamic 
results, particularly pitching moment and the characteristics of control 
surfaces. 

With regard to items (2) and (3), it might be well to mention that 
unreported aileron-effectiveness tests of a sweptback wing model in this 
tunnel showed very good agreement with fre&-flight rocket tests of a 
similar wing-ai leron configuration. 

The dynamic pressure and test Reynolds number decreased about 
5 percent during the course of each run because of t he decreasing pressure 
of the inlet air. The ' average dynamic pressure for these tests was 

1670 pounds per s~uare foot and the average Reynolds number was 1 .9 X 106 

for the half-delta wing panel and ·l .4 X 106 for the unswept wing panel. 

PRECISION OF DATA 

Free-stream Mach number has been calibrated at 1.90 ± 0.02. This 
Mach number was used in determining the dynamic pressure. The variation 
of the static pressure with the tunnel clear varied about ±.1.5 percent 
in the test-sect ion region. 

The accuracy of measurements is indicated in the following table: 

Variable Error 

a ±o.05° 

CL .005 

CD .001 

Cm .001 

Cl .002 

CONF]])ENTIAL 
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Repeat tests were made for each configuration and, in fairing the 
curves, those tests were favored which had smaller zero shifts of the 
balance readings. The rolling-moment component was especially sensitive 
to shifts in wind-off readings. The faired curves should be more accurate 
than the table indicates. 

RESULTS AND DISCUSSION 

The experimental characteristics of the two wings are presented 
in figures 4 and 5 and the lift-drag ratios calculated from the faired 
curves of figures 4 and 5 are presented in figure 6. Some of the 
important results are summarized in table I. 

Lift characteristics.- From table I, it ~ be seen that the wing
fixed arrangement increased the lift-curve slope by about 30 percent 
over the wing-free (or all-movable) arrangement. The values were 
increased from 0.038 to 0.050 for the trapezoidal wing and from 0.029 
to 0.040 for the delta wing. The wing-free values were the same when 
the fuselage was either alined with the wind stream or was positioned 
at an attitude of 40 • Fuselage upwash was calculated for these two 
wing-fuselage combinations by the method recommended in reference 1. 
Since this method considers fuselages having only circular cross sections, 
the following assumptions were made to account for the flattened area 
on the fuselage used in these tests: 

(1) At the wing root the upwash was as sumed to be that calculated 
for a smaller-diameter fuselage having a surface tangent to the wing root. 

(2) At increasing distances from the fuselage surface, the upwash 
was assumed to approach that of the basic fuselage without the flattened 
area. The spanwise upwash variation would then be represented by a 
smooth transition from the upwash variation of the assumed smaller 
fuselage at the wing root to the upwash variation of the basic fuselage 
at a distance of one fuselage diameter from the wing root. 

The calculations indicated that the upwash field introduced by 
changing the fus elage angle of attack would effectively increase the 
angle of attack of wings of either plan form by about 30 percent. This 
large upwash effect which is a result of the small size of the wings 
relative to the fuselage diameter accounts for the difference in lift
curve slopes between the wing-free and wing-fixed test results. 

In two instances with the wing free, the nose of the delta wing 
was no longer on the fuselage flat and a discontinuity existed. This 
discontinuity occurred when the wing angle of attack exceeded 80 for the 
fus elage fixed at zero angle and also when the wing angle of attack was 
more negative than -40 for the fuselage positioned at a 40 angle of attack. 
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There was no evidence of a force break for these conditions although the 
fuselage boundary layer might have been thick enough to conceal any 
possible effects . 

Center of pressure.- From the slopes of the lift curves, rolling
moment curves , and pitching-moment curves, both the spanwise and chordwise 
locations of the center of pressure have been calculated and are tabulated 
in table 1. Freeing the wing from the fuselage caused only slight shifts 
in the location of the center of pressure, the spanwise location moving 
out about O.Olb for both wings, and the chordwise location moving ahead 
for the trapezoidal wing and moving back for the delta wing. This 
movement was small, the forward shift for the trapezoidal wing being 
0.007c and the rearward movement for t he delt a wing being 0.015c. The 
spanwise locations of the center of pressure were about on the centers 
of area and the chordwise locations were from 0.05c to O.lOc ahead of 
the centers of area. 

Drag.- By use of the method of reference 2, the wave-drag coeffi
cients of the delta and trapezoidal wings were calculated to be 0.023 
and 0.025, respective~, for a Mach number of 1.9. Adding to these 
a skin-friction drag coefficient of 0.006 brought the results in 
reasonable agreement with the experimental values of minimum drag 
listed in table 1. Freeing the wing from the fuselage caused little 
difference in minimum drag but did cause a considerable decrease in 
the maximum values of the lift-drag ratio when the fuselage was alined 
with the air stream.. Such calculations of llit-drag ratio are, however, 
incomplete since the drag of the fuselage is not included. 

CONCLUDING REMARKS 

From tests of two semispan wings of different plan form operating 
in the presence of a half fuselage at a Mach number of 1.9, a 
comparison has been made of the results where the fuselage and wing 
rotated congruently with the results where the fuselage was restrained 
at a fixed angle and the wing was allowed to rotate. The data indicated 
that either wing acting as an all-movable surface would have about the 
same spanwise and chordwise location of the center of pressure as the 
same wing acting as a fixed surface but the fixed-eurface arrangement 
would have a lift-curve slope about 30 percent greater than the wing-free 
(or all-movable) arrangement. The change in upwash represented by this 
decrease in lift-curve slope is in good agreement with theory. 

Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va. 
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(a) Delta wing. 

Figure 1. - Photographs of wing-fuselage combinations. 
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(a) Delta wing; mean aerodynamic chord 2.64; span 5.95. 

Figure 2. - Details of wings and fuselage. All dimensions in inches. 

I 

Boundary of 
flat surface 

~ 

~ 

~ » 
~ 
~ 
o 

~ 
CP 

~ 
+=-

f-' 
\Jl 



i
2

.12t·8 
'.35 0 

t 

~ 
r ~ ~ 
~ \ t 

CONFIDENTIAL L 
I ~ 

-- J ~ 
II 
" -

I 
II 

~ /.06 I t-+ 

0./3 
__ ---------- 12.00------------l ... 1 

Moment axis Center of rotation 

0.010 Radial gop '" 0 .21 

--- ---~ -c----- - ------ ..-sr ~ ;I >- ~ ----- -- -"" - --
CONFIDENTIAL ~ 

(b) Trapezoidal wing; mean aerodynamic chord 1.867; span 6.88. 

Figure 2. - Concluded. 
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Figure 3. - Surveys of surface pressure di stribution and boundary-layer profile 
for the fus elage used in the wing tests. Fuselage alined 'A'ith the wind 
stream. M = 1.9. 
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(a) Trapezoidal wing. (b ) Delta wing. 

Figure 6. - Variation of the lift-drag ratio with angle of attack for a half-span trapezoidal and a 
half-span delta wing. M = 1.9. 

f\) 
o 

~ 

f.i 
:x> 

~ 
~ o 

~ 
~ 
+=-


